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(71) We, Uxrrcn States Atomic 
Ekekgy Com mission. Wasmnaton. District 
of Columbia 20545. United Statu of 
America, a duly constituted agency of tbe 

5 Government of the Hailed States of America 
established by the Atomic Entojy Act of 
1946 (Public Law 585) and tbe Atonic En- 
ergy Act of 1954 <Pt*ifc Un 703), do here- 
by declare tbe invention. Cor which we pcay 

10 that a patent may be £ranted to w. and the 
method by which it is to be perfumed, lo 
be paitktrfarly described is aad by tfae 
following statement: — 

The present invention relates to tiltra- 

15 u'on methods of separating liquids from ex- 
traneous material*. 

Hyperffltfitkm methods have been de- 
veloped for removing solute from a solution 
by dynaamcalry fasting a sohiBM«Jecttaf 

20 membrane on a porous substrate and then 
pasainj. a solution over the resulting sub- 
strate under conditions whereby a portion 
of ra* liquid is forced through the mem- 
brane- Although an eacefleut solute-reject- 

25 iitfi membrane can be formed on a porous 
substrate, il has been aecesary lo use a 
substrate bavin* an average pore diameter 
of less tfcsa 5 microns and OTefertbry having 
a aartow pom tbe ifistnhnrion. Sue* a 

30 substrata is not only difficult to fabricate, 
but r* easily fouled sod difficult to < 

Summary of the Invention 
It b accordingly one object of the 
35 Invention to provide a« Improved " 
method of removing coctrHocai 
frosa * liquid. 

U is another object to provide a hyper- 
ffltration method of removing sonnc from 
40 a relation using a parous substrate having 
relatively fame porta. 

It Is another object to provide a hyper- 
nitration medium which is readily cleaned. 
Wo have discovered that a bed of par- 
45 tides uniformly dispersed onto a 

IF — 



substrate retains its uniformity and func 
dons as a highly efficient filter under cross 
How fihraUon ftatrattoa wherem a ftnM 
being filtered Is pumped across the surface 
of the ffllermg medium) even at extferody 50 



55 



_ to tbc pcesent invention there 
is provided a process for removing eatranc* 
ous materials which am dissolved m an 
aqueous feed solution which composes de- 
positinsj to a dcpOi of from 0.1 to 100 mic- 
rons, a bed of partickJ of an inert frier aid 
material on the interna] or external surface 
of a porous tubular substrate, said particles 
having a sin in the range of CL01 to 100 60 
microns, incorporating a sormo-reJectinB 
material in said feed solution if not orfet- 
naliy present thereto, and pessmj said read 
solution across the deposited bed while 
mahtta tning a velocity parallel to the bod tfJ 
nfldSBt to prevent manng of the sofate- 
rejocdnc membrane formed thereon ten 
said sotole-re/ectuur msxertal and a press am 
across said bed sufficient to cause an auue* 
oua sotutkm to issue bom tfco nosHlepositod 70 
surface of said rubstrate which solution H 
deptcteo di extraneous mater ials 

this method ar esrjecJsfly useful th sepa* 
ration processes wherein a uniform, finery 
pored structure h necessary such as in pro- 75 
for senratuu, haunts " 



and in hyperiltration methods of removing 
solute from scJutko*. It provides a method 
of iesnovuur liquid Cram sofids without pn> 
dacme a tbid bed of soSda on the nUtecfaf 80 



In hyperhttranon methods wherein sorufe- 
lejectmg meznbraau are dVnamtcaHy formed 
U. formed In the sense that tbe membrane 
If formed as the feed solution coaraurins; 83 
the memAmmfvfoimmi material pastes over 
the deposited bed of filter and material, the 
method of the present invention permits the 
use of matexhui as substrates winch pre- 
viously cotfld not be used because* of large 50 
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or nadonftoim pores. 

The dun bed of fine particles hmctions 
as a finely pored body and unexpectedly i** 
maun taii&asdy distributed an the sub- 
5 stntD even Id tbc presence of fciflh cross 
flow velocity sad tunuTent fluid flow (ydo* 
dlks parallel to Ac bed of W-20 foet pet 
second am frequently deftnfcto) necessary 
to prevent fouling ol rncmarnici. The flow 
to ate will ordinarily be greater Dim 1 toot 
per second and may moll 100 feet pet sec- 
ond* Tarbalauce promoters ew be wed to 
minimize touting if desired. Foaled mcni- 
brinea can afeo be removed by beckwubmg 
iJ am l tie easily roejtob&bed by providing a 
dow supply of particulates ftod B«mb«DC- 
frrmnuj mafcriiVin feed sdoto. 

As tied totem* the term "porous sub- 
itaDT refers Id too cobescnt permeable 
3D base material oerto wbich a tiwe bed of fine 
Inert particles is deposited The term "par* 
OAs support** retos to the oambmifioa of 
a porous substrate smd a bed ©X una par- 
ticles onto which i rejecting menbrtae atf 
75 be deposited for hypeifUttation rnothods of 
rcniaSg sohitc from aotstioo* and "filter- 
ing medium" refers Do the composite mod 
for fflferiog, lodudhia a rejecting mem- 
brane in the case of byperftftratfoo pro- 
30 cesses; 

The method of flic present intuition, dft- 
ftn from prior Ihratkm methods using fitter 
aids in that our method combmet t ttfgb 
crass low ate mfc tbc filter eld and 
J3 quires only retafivcty smafi qtanCties ot 
tbe fitter aid. 

Description of 
the Preferred Emtotexm 

irveotinn a thin bed of Sue paxttdto » «- 
posted omto a porous substraj^ The sub- 
strate may be ol any material c o mmib we 
with solutions to be id cotfxX wi* i * and 

45 may be of any ooaflggra li o tt . Whdc oor 
net bod may be used widr a subs trate bav- 
iag graaH unifocm pores, its nrimary ad 

vantages am wiflt a Jjabstrale 

or nonniform pores. It is most metal 

S3 substrates tang pami wfay aerate d^ 
meter exceeds 5 waam and tto 
pore ran* is 5 to 50 escrow ffl diet*** 
ft it possible to use fiesibVe and woven 
mateiels including; porous* pressaro-resijt- 

55 sot tubes, as well as rigid rttbstrato such 
as porous metals, ceramics audcartoos. 

The partidfcs deposited on the substrate 
sorbet nay be of ma maser^mert to the 
iriutkms to be in contact with <fcem, and 

«0 materials avaibAte as fite asfa sccfe as 
dJatonaceooa earth. jpccUfic. asbestos m 
cdtetose fibeia, dried sflJc* act. and cacbon 
nay be used. The paitide dupe fe not 
ethical and it may be spoerfcal fibrous, or 

6* jflegoJax. The average partide diameter Is 



betweeo OjOI and 100 xakfo&s asd is deter- 
mined by factors aocb as the pore size of 
Cbe substrate and tbe sanue of tbe material 
to bo fi2ftSvcd> ^ 

tlu) thin bed may be essaodalty a moeo* 70 
layer ot particlca or tt may be a auduV 
laNtztd stwotttcc. b aunts Distances, as 
where m tafje-pofcd snbstrate is to be used 
to separate a Squid from submscroe-size 
partideT^stveral iyen o! tfifitJient^iie par- 75 
tides may be desirable, Tbc takkucii of 
tic bed is between 0.1 and 100 microns and 
W&1 nosmafly be controlled by tbe exoaa 
flow rate* t j# an 

Tbe panafVf may be deposited os m 80 
aapftiate by passing a dnute starry (one to 
several thousand mutt per 2tt2Bca> of Jwr- 
tides oret tbe snbstate under cendmooa 
where the* is a pteanmi uYop aetoas ftj 
sebstrate wall. A thin bwer of patcdet «SH «S 
deposit and remain on tbe svbstnte surface 
even at a Isjfe crou flofia^^aDf 
of 10-28 feet pec second pandfei to *c 
substrate soofece, _ 

The substrauv togette with its coatouj 90 
of fine pwtides, may be used in hypam- 
tration mocessea, as well as more ooajea- 
Djomd futrttion methods. However ^ does 
not reject solnte, but forms a porous sop- 
port on which a aoWe^ejectnvj naetnbcaae «3 
may be fonned by oemtacttog it wtfh a 



aoluse^ejecbitti adnibm F* MB rfc* of sub- 
atanoas which may be used as aobtte-reject- 
adartfres an aentral ottasic polymers, 
" irohses, otaessc ion rwrhanaera . m- 100 
km exchangers, and hydrous metal 



The ruethod of Che present invention is 
useful in fozmiiuj porous supports tor by per- 
fifoalsen nwAoua of lemovrng organic sol- |05 
ute as weH as caomanhs sokzte from san- 
tioos. 

HafiDi thus described tbe invention .tbe 
f p to ri ug e»B|les an> omsed to fllttstrate 
U u moos dstaU HO 

EXAMPLE 1 
In a laboratory l^pcaffltration apparami. 
three tubes m^^c^eaed^jui^r^ 
rneans for supplying pressurised feed « U5 
their respective outudes and means lor col' 
Jecfew oe liquid pasabut tbnra^j the tube 
wilU. The nxst trnX made from a compact 
of spherical mineral particles, had an aver- 
aae pmoaimeter of» mfcwns; tbe^aee: 120 
ond tube was made of porous standees steel 
and bad a ooannal pore nmsnctcr of 5 
mkoons; and tbc thud tube was made 
of a ceramic and bad a nominal 
pore diameter Of » mfcmws. A abujry 125 
coBntnUag 0JQ2 per cent by weiafat 
of i &tamitn fitter aid bavteff as 
average ptruete cfiametor of 5 A maw 
was pumped past tbe tube walls, 
thereby ^moininga layer of particles aw- 130 
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m\ microns thick ofl the tube surfaces. 
This layer did not reject the »lt when a 
solution of JMK25 mohr of MgCU is water 
was pumped over cfae surface at a pressure 
5 of 1 30 pm. A solution containing hydrous 



ZrflV) oxide to torra a icjectiag 
was then added to the MgOi soletnm. The 
deevce of MgOi fSjectHtt tad the penne- 
aijon nut of the tabes in ftaHons per day 
tO per square foot (gpdSftr) wore measured. 
I lie data as to permeation rate and reject- 
iat v*Uks ate ©wen in Table I below. 

TABLE I 



of MgOr by Hydnxu Zr (TV) 
Oxide Membrane 

Pettie ft Mtoii 

An?4 Refcclkm, 
Tube Type gpdfff percent 



Compacted mineral 

particles 140 70 



25 Stainfess sttd 
Ceramk 



300 

250 



55 
70 



greater Chan 30 nucsuns wen coated wftfc. a 
dmininite filler aid baying a median par- 
ticle diameter of 5.4 microns by fonziig aft 
aqueous shoiy containing 100 ppnt of the 
fitter aid over the outer radices of die TO 
tabes and wfthdrawmg some Hqnid bom 
tadr interiors. A feed sofation coorfsnnf of 
trash fcziarcs foms a sulfite pumphig pro- 
cess and a solute-rojoctfng material was 
then forced past tbe outer surface of the 75 
tafres at a velocity o< 3 to 6 feet per second 
The retectioa of dissolved mailer absorbing 
light farcing a wave length of 2810 A was 
np to 50 per cent at perme at i on rates of 25 
to 90 gpd/ff tor tbe tube with 30-auoroa SO 
pores and over SO per cent for the tube 
Savins 5«>fCT0B P°tes at permeation rates 
o{ 10 and 100 griff?. 

Example tit illustrates the use of the 
process of tbe present invention la treatiftf 9$ 
a typical polbrtkm control pro Hern. 

Example tV is pwa to fflwtr&te the use 
of s feacftivasjunsj technique with out n> 



As sees tram this example, a rejecting 
M) membrane having high flow rales and ex- 
cellent rejection canabOfcy can be touted 
en targe-pored material with oar method. 

EXAMPLE 11 

35 Three ceramic tube* having nominal pore 
diameters of 20 microns. 1.4 microns, end 
OjS micron were connected in parallel as in 
Example L An aqueous phase contain ins 
50 to 150 parts per mOHon of a cfiatamfce 

40 filter aid having a snedum particle tfasncfer 
of SA microns was forced over the outfkfe 
surfaces of tbe tubes and some liquid with- 
drawn from their interiors. A layer of filter 
aid panicles several microns duck was de- 

45 posited on the tabes by this technique, 
A feed materia] comprising a solution 
obtained from a sewage plant after primary 
treatment was then passed over the retak- 
ing tubes. Constituents present In the pri- 

50 nxary sewage effluent formed a membrane 
which refected organic materials. The re- 
jection of chemical oxygen demand for the 
first tube was between 30 and 70 per cent 
and foe the second, and fined tabes was 90 

55 per cent at a transmission rate of 50 to 100 
gpd/iU 

The foregoing example illustrates the 
formation of a membrane capable of reject- 
ing organic materials on attr porous strp- 
60 purL 

EXAMPLE IU 
A stainlass steel tube having a nominal 
pore diameter of 5 microns and a tube made 
from a compact of spherical mineral par- 
45 rides bavin* a nominal pace diameter 



EXAMPLE IV 
In a series of five tests with saltHtjcctrax 
membranes dynamically formed of mixed 
poty(vinyt pyridine) and pcMvinyl pyrtoli- 
done) on a peritte filler aid layer supported 95 
on a porous stamlesa steel tube with tO* 
CMcrooHtwinyfBt penc e (he other wens bade- 
washed with water at a lew hundred pgr 
between the experiments. The pcrnysbfltocs 
of the tabes after bacJnmsfchnj were wffltfn 100 
30 per cent of the cdffaal value, v/htfc the 
permeabilities of the tubes with pre-deao- 
sfted membranes, Le, membranes which are 
formed prior to nensinj the feed solution 
across the bed «f fiber and material, were IQ> 
a hundred to a tnewsand times- lower. This 
demonstrates that baexfinshmg can be used 
to restore penneabaUly if ft slows to un- 
aooeptebly low ratae* because of fooling or 
other reasons, or a sew membrane can be HQ 
deposited in tbe erect c 
e« t a need to filter a < 



EXAMPLE V ^ 

developed on a section of a fire hose jacket 
end) outside diameter 1.28 inches. The hose 
was inane of cotton with warp vara 3(7, 
warp ends 125, filter yarn 8/22. After picks 
10 1 fin. A section of this hose was damped 
in a hvperfllhalion apparatus, ft was then 
coated on the made by psstinsj through it 



m 



an aqueous suspension of various grades of 
a drakmuceoBS earth finer aid the depo- 
srfton was carried out at an anal how rate 
(cross flow velocity} of 13 feet f second*. 
Three mndes of finer aid were used hi sm> 
cesaon. The median pa rt icle diameter of 
the first grade was 30 microns: that of the 
as 20 microns: and that of 



125 



130 
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the ihkd g&dt was 10 microns. The coir 
cqmlfan of fitter sid to the snspsasion. 
was ipproximalcSy 40 mg/ liter. 
After pit p i ri a y this porous nrelti4ayeyui 
5 stpnotl. a 0.02 molar' MfcCF satoftm was 
cacvated which cob timed 4 x !0~* meter 
bydrous zirconium (IV) o*ide prepared by 
fajdrofysia oc lircoBium cjcychlorkfc. Within 
16 boars alt rejection was. £2 per cent and 

ID alter approximately 40 hours sah rejection 
was fbpntf to be over 80 per ecu* at aft tial 
CDCtttftion w^octar of 16 ft/ssc Flow 
(hnmgh the fiftewu oedma was 045 
cm/sam Qti> gpdfff) it 20Q psi appbed 

15 yiftsuie. 

TWs f^""f^ iOnstrales fhc use of wovea 
material? as porous substrates in cowfcbw- 
turn wrU After aids and dynamic nwahraacs 
for icJeeuoQ of dissolved materials. It n 

20 dear (hat other hose aatodali could be 
used udi as (hose prepared float syn- 
thetic fibers, glass fibers, wit* lie only n> 
striction ban* that die fbea not bs Stacked 
by tbe iatatlow with which they come in 

25 contact Abo, otter types of weaves capable 
d rataimag the filter aid would be satfs- 
frexary. 

WHAT VfB CLAIM IS:— 
jq i, A prorrst jbr tanaviog extraneous 
materials winch am dhscfodm 
{bed tctonon whieh comprise) deMSffiaj. 
lo a depth of frosa 0.1 en 100 rmaans. a 
bed of purtKW of an inert fltex aid mate- 
33 rial on the latemal or external surface of a 
, said partickj hav- 



ing s size in tbe range of 0.41 to 100 mky 
tons. jnuttputaDiDj a sofnse-jnjsctr ~ 
sjs3 m said feed solution if not 
pescut tfwem. and pass&K saH bed solu- 
tion serosa the deposited bad while iham- 
taimog a vdocky pmUel in the bed snffi- 
ckat to prevent foiling ol tbe soloje-xepct- 
a* membrane formed tiiexeoa from said 
jomm-ccjectmg material and a pseoore 
across said bed sumckm to cbosd an anoe- 
ons sofation to sane from tbe non-depoated 
tvsftcB of said anbstate which solution is 
depfefed hi extraneous materials. 45 

5/A jwcesa as dammd is daim I m 
yhidi the inert filter aid material Is sleeted 
from dislqgaceoaa cerfo, pedRe, asbestos 
fatres, cgflalose ibses. dried silica m* or ^ 

3. A piooeas as dauned a claim 1 or 2 
[a Which Ac poxes of hM dotoos tnbriar 
substrata hm am areraje dmsseser greater 
tfcaa S microns. 

4. A pxooess as daimed in iay preced- 55 
in* daim in which sam feed solution is 
passed across the deposited bed. At a cross 
Eawwfecfty of between ) and 100 feat per 
i poan d 

5. A jnooess as chimed in. aar mead- M> 
fa daim is which the deposted bed com- 
prises *. mtffrjs prod deposf 

t A process tor rcmorins 
mamdals which aie dosohwd in aaeoj 
"in daini 1 an 
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